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on behalf of the BABAR collaboration
Data from the first run of the BABAR detector at the PEP II accelerator are presented. Measurements
of many rare B decay modes are now possible using the large data sets currently being collected by
BABAR. An overview of analysis techniques and results on data collected in 2000 are described.
1 Introduction
The BABAR detector1 began collecting data
just over two years ago with the heart of our
physics program centered around the search
for CP violation in the B meson system. The
excellent performance of the PEP II acceler-
ator has allowed us to establish the existence
of CP violation in B decays as Jonathan Dor-
fan has shown today2,3, and also seen by our
colleagues at KEK4. In searching for CP vi-
olation, it is necessary to perform a series of
measurements of rare B decay modes which
establish the ability of the detector to accu-
rately determine the parameters of CP vi-
olation. These measurements also provide
an opportunity to look for rare decays which
could give a hint of physics beyond the Stan-
dard Model. In addition, many of the modes
which are now rare modes will provide inde-
pendent measurements of CP violating effects
during the high luminosity era of the B fac-
tories.
This talk will provide a taste of the
physics program which is just now starting at
BABAR. The results presented here are based
on the first Run of BABAR which lasted until
December 2000 and collected 20.7/fb of data
on the peak of the Υ (4S) resonance (approx-
imately 22.7 million BB pairs), and 2.6/fb
data off-peak. Most results are preliminary.
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Figure 1. Feynman diagram for B meson decays to
charmonium.
2 B Decays with Charmonium
The majority of the modes which went into
the measurement of sin2β include char-
monium in the final state. An important
first step was to improve measurements of
B mesons into final states including charmo-
nium, as well as establishing measurements
of the B into previously unseen modes.
2.1 Inclusive Cross Sections
Charmonium is produced in B decays primar-
ily through the internal spectator diagram
shown in figure 1. The J/ψ is detected in
the leptonic decay channels to electrons and
muons. An example of the inclusive measure-
ment of charmonium production is shown in
figure 2. The inclusive branching fractions
for B decays to final states including charmo-
nium are determined to be B(B → J/ΨX) =
(1.044 ± 0.013 ± 0.028) × 10−2, B(B →
ψ(2S)X) = (0.275 ± 0.020 ± 0.029) × 10−2,
B(B → χc1X) = (0.378 ± 0.034 ± 0.026) ×
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Figure 2. Inclusive J/Ψ decays into muons.
10−2. In addition, we have also observed the
production of charmonium in the continuum
at a rate σe+e−→J/ΨX = 2.52±0.21±0.21 pb
5
which is the first such measurement.
2.2 Exclusive Cross Sections
In order to determine the exclusive cross sec-
tions for B decays we use two main kinematic
variables which take advantage of the fact
that the B mesons are produced nearly at rest
in the Υ (4S) rest frame, and that the beam
energy is well determined.
The energy-substituted mass mES ≡√
E∗2Beam − p
∗
B
2 uses the beam energy and
the reconstructed B momentum to form an
effective mass for the B candidate. The
mass resolution for mES is approximately
2 − 3MeV and the particle mass hypothesis
is not needed. B events should peak at the
B mass in this variable. ∆E ≡ E∗B − E
∗
Beam
is an orthogonal variable which takes into ac-
count the particle mass hypothesis. It has a
resolution of approximately 10− 20MeV de-
pending on the decay mode, and should be
centered at 0 if the particle hypotheses are
correct. These two kinematic variables are
used in nearly all of our exclusive B decay
analyses.
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Figure 3. ∆E vs mES for the decay B
+
→ J/ψK+
the bottom figure shows the projection of mES where
a cut has been made on ∆E.
Figure 3 shows ∆E plotted against mES
for the decay mode B+ → J/ψK+ A selec-
tion is made for ∆E centered around 0, and
the projection is shown in the bottom of the
figure for the variable mES. There is a clear
signal with very low background. The side-
bands in mES are used to estimate the back-
grounds under the B peak which are small
in most of the decay modes. Figure 4 shows
an example of the projection of ∆E for one
mode.
Exclusive branching fractions for many
B decay modes with charmonium in the final
state have been measured 6 and are summa-
rized in table 1. In most of these modes, the
backgrounds are small and are estimated us-
ing the sidebands. Backgrounds are primar-
ily from other B decays which contain char-
monium, and these cross-feeds are estimated
using the simulation.
In addition to these branching fraction
measurements, we also present a measure-
ment of the ratio B(B± → J/ψπ±)/B(B± →
J/ψK±) = [3.91± 0.78± 0.19]%7, which sig-
nificantly improves upon previous measure-
ments, and is in good agreement with theo-
retical predictions.
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Table 1. Branching fraction results for B decays to final states containing charmonium.
Channel Branching fraction/10−4
B0 → J/ψK0 K0
S
→ π+π− 8.5 ± 0.5 ± 0.6
K0
S
→ π0 π0 9.6 ± 1.5 ± 0.7
K0
L
6.8 ± 0.8 ± 0.8
All 8.3 ± 0.4 ± 0.5
B+ → J/ψK+ 10.1 ± 0.3 ± 0.5
B0 → J/ψπ0 0.20 ± 0.06 ± 0.02
B0 → J/ψK∗0 12.4 ± 0.5 ± 0.9
B+ → J/ψK∗+ 13.7 ± 0.9 ± 1.1
B0 → ψ(2S)K0 6.9 ± 1.1 ± 1.1
B+ → ψ(2S)K+ 6.4 ± 0.5 ± 0.8
B0 → χc1K
0 5.4 ± 1.4 ± 1.1
B+ → χc1K
+ 7.5 ± 0.8 ± 0.8
B0 → χc1K
∗0 4.8 ± 1.4 ± 0.9
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Figure 4. ∆E projection for the decay B+ →
J/ψK+.
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Figure 5. Definition of the angles used to extract the
relative amplitudes in the decay B0 → J/ψK∗.
2.3 Angular Analysis of B0 → J/ψK∗
One exclusive mode deserves a little more dis-
cussion. The decay mode B0 → J/ψK∗ is
used to measure sin2β; however as this mode
contains a mixture of odd and even CP am-
plitudes, it is necessary to determine the rel-
ative contribution of odd and even CP final
states. This can be accomplished by the use
of an angular analysis of the decay.
BABAR has used a transversity analysis,
looking at the decay angles of the K∗ and
the J/ψ 8. Figure 5 shows the angles used to
unfold the relative amplitudes. The angular
distributions are shown in figure 6, and the
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Figure 6. Fit to angular distributions in the decay
B0 → J/ψK∗ which allow the extraction of the odd
and even CP amplitudes in the decay.
Table 2. Results for the odd and even CP amplitudes
in the decay B0 → J/ψK∗.
Quantity Value
|A0|
2 0.597 ± 0.028 ± 0.024
|A⊥|
2 0.160 ± 0.032 ± 0.014
|A‖|
2 0.243 ± 0.034 ± 0.017
φ⊥(rad) −0.17 ± 0.16 ± 0.07
φ‖(rad) 2.50 ± 0.20 ± 0.08
results for CP = +1 states (|A0|
2 and |A‖|
2)
and CP = −1 state (|A⊥|
2) are tabulated in
table 2.
The presence of a significant amplitude of
the CP = −1 state dilutes the measured CP
in this state by an amount D = 1 − 2|A⊥|
2.
The value measured for |A⊥|
2 implies the di-
lution factor D = 0.68± 0.10. This factor is
used when the B0 → J/ψK∗ are included in
the sin2β analysis.
3 B Decays with Open Charm
Decays involving open charm (D(∗)) allow
measurement of either the Cabibbo-allowed
b → ccs decay or the Cabibbo-suppressed
b → ccd decay. The latter provides another
opportunity to measure sin2β which is com-
plementary to the measurement made with
the charmonium modes.
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Figure 7. External (left) and internal (right) specta-
tor diagrams for the decays B → D(∗)D¯(∗)K.
3.1 B → D(∗)D¯(∗)K Decays
In b → ccs decays, one expects the D
(∗)+
s to
be the dominant decay mode. Previous mea-
surements have however indicated that the
B → D(∗)D¯(∗)K decays may have a larger
than predicted contribution to the b → ccs
rate. We have looked for the decays B →
D(∗)D¯(∗)K in both inclusive and exclusive
modes12. The decays can occur via both the
external diagram shown on the left in figure 7
and the colour-suppressed internal diagram
diagram shown on the right.
Figure 8 shows mES for all B
0 modes.
The different decay modes are summed as
there can be several candidates in each event
due to the large number of decay products.
We find for the inclusive branching frac-
tions B(B0 → D∗−D0K+) = (2.8 ± 0.7 ±
0.5) 10−3, B(B0 → D∗−D∗0K+) = (6.8 ±
1.7± 1.7) 10−3.
In addition, we have also measured the
exclusive mode B+ → D∗−D∗+K+ for
which the mES plot is shown in figure 9.
The branching fraction is measured to be
B(B+ → D∗−D∗+K+) = (3.4 ± 1.6 ±
0.9) 10−3. This is the first observation of a
colour-suppressed mode not involving char-
monium.
3.2 B0 → D∗+D∗−
Decays to two D mesons proceed via
Cabibbo-suppressed diagrams as shown in
figure 10. This decay mode is sensitive to
sin2β. However, as in the decay B0 →
J/ψK∗, this is a vector-vector decay mode,
and there are both CP-odd and CP-even
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Figure 8. mES distribution for the decays B
0
→
D(∗)D¯(∗)K.
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Figure 9. mES distribution for the exclusive colour-
suppressed mode B0 → D∗−D0K+.
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Figure 10. Tree-level diagram (left) and penguin
(right) diagrams contributing to B0 → D∗+D∗− de-
cays.
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Figure 11. mES versus ∆E for the decay B
0
→
D∗+D∗−.
components. These will need to be measured
before sin2β can be extracted from the data.
Again these modes are difficult to reconstruct
due to the large number of particles in the fi-
nal states. The D∗ modes offer the most con-
straints from the mass difference with the soft
pion, and so are reconstructed with a reduced
background. We have measured the branch-
ing fraction for B0 → D∗+D∗− 13 with the
next step being the measurement of the am-
plitudes of the CP components.
The branching fraction for this mode is
Cabibbo-suppressed and should be given ap-
proximately by
≈
(
fD(∗)
f
D
(∗)
S
)
tan2 θCB(B → D
(∗)
S D
(∗))
which is of order 0.1%. We reconstruct both
D∗+ → D0π+, D∗+ → D+π0, with the
D0 in the decay modes K−π+, K−π+π0,
K−π+π+π−, K0
S
π+π− and the D+ in the
modes K−π+π+, K0
S
π+, K−K+π+.
Background is determined by looking in
the sidebands in the mES vs ∆E plot (fig-
ure 11) in the regions outside the signal box,
and scaling this by the relative areas of the
signal and background regions to estimate
the amount of background in the signal box.
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Figure 12. ∆E projection for the decay B0 →
D∗+D∗−.
A projection of mES in the signal box is
shown in figure 12. We find a background
subtracted signal of 31.8 ± 6.2 ± 0.4 events
which gives a branching fraction B(B0 →
D∗+D∗−) = (8.0± 1.6± 1.2)× 10−4.
The main systematic uncertainties in this
analysis come from tracking efficiency (9.4%),
due to the large number of tracks in the final
state, and the fact that the polarization of
the final state is unmeasured (6.6%).
4 Charmless B Decays
One of the most exciting prospects for the
coming run will be the start of the process
of measuring sin2α. Charmless B decays
are where the B factories will perhaps have
their greatest unique advantage in measure-
ments of CKM parameters. BABAR have pre-
sented the first attempts at these measure-
ments at this conference2, which illustrate
the prospects and the difficulties in carrying
out these measurements.
One of the main difficulties in these mea-
surements is the fact that the penguin dia-
gram (figure 13) contribution is most likely
of comparable magnitude to the tree dia-
gram. The implication of this is that one
b
d
c
d
c
d
W
b
d
W
c
d
c
d
Figure 13. Tree-level diagram (left) and penguin
(right) diagrams contributing to charmless B decays.
must determine the relative magnitudes of
the two contributions in order to accurately
determine the angle sin2α. One measures an
asymmetry which is only an effective sin2α
and then needs to correct this based on the
penguin/tree magnitudes.
There are several strategies for extracting
these magnitudes. In the two-body modes,
it is possible to perform an isospin analy-
sis which allows one to determine the rela-
tive contribution of the penguin and tree di-
agrams, but it requires the difficult measure-
ments of both B0 → π0π0 and B0 → π0π0.
Another strategy involves a full Dalitz plot
analysis of the three-body decay modes.
Other difficulties in measuring these
modes are the small value of Vub which im-
plies small branching fractions as well as the
fact that these modes suffer from severe com-
binatoric backgrounds.
In addition to measurement of sin2α,
charmless modes also have potential for mea-
surements of direct CP violation as will be
discussed in section 7.3.
4.1 Two-body Charmless Decays
Our two-body decay analysis15 makes use
of a maximum likelihood fit where the in-
put to the fit includes a Fisher discriminant
based on event shape variables, the mES and
∆E distributions (shown in figure 14), and
the Cherenkov angle measured in the BABAR
DIRC1. The DIRC is effective at separat-
ing pions from kaons at the high momenta
seen in two-body decay modes, and this com-
bined with the measured ∆E provides the
ability to distinguish between B0 → π+π−
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Figure 14. mES and ∆E projections for charmless
two-body B decay modes.
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Figure 15. Cherenkov angle measured for pions and
kaons as a function of momentum.
Table 3. mES and ∆E measurements for two-body
charmless B decays.
Mode ε (%) NS S (σ) B(10
−6)
π+π− 45 41± 10± 7 4.7 4.1± 1.0± 0.7
K+π− 45 169± 17± 13 15.8 16.7± 1.6± 1.3
K+K− 43 8.2+7.8−6.4 ± 3.5 1.3 < 2.5 (90% C.L.)
π+π0 32 37± 14± 6 3.4 < 9.6 (90% C.L.)
K+π0 31 75± 14± 7 8.0 10.8+2.1−1.9 ± 1.0
K0π+ 14 59+11−10 ± 6 9.8 18.2
+3.3
−3.0 ± 2.0
K0K+ 14 −4.1+4.5−3.8 ± 2.3 − < 2.4 (90% C.L.)
K0π0 10 17.9+6.8−5.8 ± 1.9 4.5 8.2
+3.1
−2.7 ± 1.2
K0K0 36 3.4+3.4−2.4 ± 3.5 1.5 < 10.6 (90% C.L.)
and B0 → K+π−. Results for the branching
fractions measured, and limits on unobserved
modes, are summarized in table 3.
4.2 Quasi-two-body Charmless Decays
The CLEO result for the decay branching
fraction of B+ → η′K+16 was consider-
ably higher than expected from heavy flavour
theory19. We have looked for this decay
mode in the Run 1 data. The analysis
proceeds17 by reconstructing η′ in the modes
η′ → ηπ+π− or ρ0γ and ω in ω → π+π−π0.
The analysis performs an unbinned maxi-
mum likelihood fit on the distributions of
∆E,M ,mR, mη, and a Fisher discriminant
based on event shape variables. A significant
signal is found in the modes a) B+ → η′K+,
b) B0 → η′K0, and c) B+ → ωπ+ which are
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